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ABSTRACT 
Using sunlight to drive chemical reactions for producing fine chemicals is a great 
challenge facing scientists today. The core issue within this technology is to devise new 
photocatalytic processes in which reactions are driven by visible light. However, the 
commonly used titanium dioxide (TiO2) photocatalysts appears not feasible for this 
purpose. TiO2 photocatalysts absorb mainly ultraviolet (UV) irradiation. UV radiation 
account for about 4 % of the solar energy and the ability of the photocatalysts to utilise 
sunlight is limited. To drive reactions for synthesis of fine organic chemicals with 
sunlight, photocatalysts that can catalyze the reactions under visible and UV irradiation 
have to be devised. This project aims to develop such new photocatalysts. Since the 
inability of TiO2 photocatalysts is intrinsically associated to the semiconductor electron 
structure, we may search for the new photocatalysts from other materials that absorb 
light in a different mechanism.  
The first photocatalyst we found was gold nanoparticles (AuNPs) supported on 
zirconia, which can directly reduce nitroaromatic compounds to corresponding azo 
compounds when illuminated with incandescent light. For instance, 100 % 
nitrobenzene was reduced in 5 hours at 40°C, and more than 99 % of the product was 
azobenzene. AuNPs strongly absorb visible light due to the surface plasmon resonance 
(SPR) effect. The SPR absorption can excite electrons of the AuNPs, which are able to 
induce breakage of the N-O bonds in the molecules adsorbed on the nanoparticles at 
moderate temperatures. The reduction activity is sensitive to the intensity of the 
irradiation and atmosphere of the reaction. This photocatalytic process is a more 
efficient and greener approach than thermal reactions for the production of aromatic 
azo compounds, and allowed us to select the unstable intermediate in the thermal 
reaction. 
We extended the application of AuNP photocatalyst into other reduction processes: 
deoxygenate epoxides to alkenes, reduce ketones to alcohols, and hydrogenate 
azobenzene to hydroazobenzene were also been realized by Au NP as photocatalysts at 
ambient temperatures under visible light or sunlight. Most importantly, this study 
revealed that the photocatalytic ability of such photocatalytic processes can be changed 
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by tuning wavelength of the incident light. The wavelength determined the energy of 
the excited electrons as well as their distribution over the high energy levels of Au NPs. 
The shorter the wavelength is, the higher the energy of the excited electrons. The 
electrons excited by light with wavelengths longer than 600 nm were only able to 
induce the reduction of azobenzene (reduction potential -1.1 eV), but could not induce 
the reduction of molecules with more negative reduction potentials, for example 
acetophenone and styrene oxide (-1.9 eV and -2.4 eV respectively). Obviously, the 
wavelength of light determined the reduction power of the Au NP photocatalysts. As 
the SPR absorption of the Au NPs is very weak in the range longer than 650 nm, the 
conversion of all the three reactants was negligible. This confirms again that the SPR 
absorption of Au NPs is essential to the catalytic activity. 
Fully understanding on light absorption property and photocatalytic activity of 
noble metal NPs (mainly Au and Ag) not only allow us to develop SPR effect based 
new photocatalysts, but also provide the potential to design new photocatalyst 
structures of unprecedented efficiency. One approach that may be effective was to 
incorporate a metal component with an intrinsic catalytic ability into a Au NP to 
catalyze various chemical reactions with sunlight. Palladium (Pd) is known to be 
catalytically active for many reactions of important organic synthesis. 
In our latest study, we developed a highly efficient photocatalyst structure of 
supported nanoparticles (NPs) of gold and palladium alloys that utilized incident light 
energy to catalyse the chemical syntheses at ambient temperatures. The alloy NPs 
strongly absorb both visible and UV light, energizing the alloy's conduction electrons. 
The energetic electrons of palladium sites at the NP surface significantly enhanced the 
intrinsic catalytic activity of palladium at ambient temperatures, which allowed the 
alloy NPs to efficiently catalyse numerous reactions such as: Suzuki-Miyaura cross 
coupling, oxidative addition of benzylamine, selective oxidation of aromatic alcohols to 
corresponding aldehydes and ketones, and phenol oxidation (under visible light). The 
performance of the photocatalysts depended on the Au:Pd ratio. The optimum 
performance for several reaction was observed when the molar ratio of Au:Pd is 1:1.86. 
We estimated the extent of the electron redistribution between Au and Pd, using a free 
electron gas model and work functions of Au and Pd, the redistribution approached its 
maximum at the ratio of 1:1. 86. It is also found that for the reactions when conducted 
in the dark Pd NPs exhibit substantial activity and even Au NPs show a low activity, 
the Au-Pd alloy NPs exhibited superior photocatalytic activity to both Au NPs and Pd 
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NPs. This revealed that the intrinsic catalytic activity of palladium has been 
significantly enhanced in the alloy NPs even at ambient temperature under light 
irradiation. This provided a general guiding principle for determining the applicability 
of the alloy NP photocatalysts as well as a clue for designing suitable photocatalysts 
made from gold alloyed with other transition metals. The knowledge acquired in this 
study may inspire further studies in new efficient photocatalysts and a wide range of 
organic synthesis driven by sunlight. 
Except the noble metal nanoparticle photocatalysts, this thesis also includes 
development of new class of photocatalysts – surface complex grafted metal 
nanoparticles for radical induced selective oxidation of alkyl aromatics under light 
irradiation. The working mechanism is totally distinct from known semiconductor or 
noble metal nanoparticle photocatalyst. The selective oxidation of stable compounds 
such as toluene and xylenes to useful chemicals with molecular oxygen (O2) has 
important applications in fine chemicals and pharmaceuticals production. However, it 
is difficult to activate stable carbon–hydrogen bonds for reaction under moderate 
conditions or to control the oxidation at high temperatures. For the approaches trialed 
to date, improved conversion through increased temperature and pressure significantly 
decreases product selectivity with runaway reactions giving over-oxidised products 
(such as CO2). New means to achieve both higher conversions whilst retaining product 
selectivity need to be devised. The new class of photocatalysts: metal hydroxide 
nanoparticles grafted with alcohols, which can efficiently oxidize alkyl aromatic 
compounds with O2 using visible or ultraviolet light or even sunlight to generate the 
corresponding aldehydes, alcohols and acids at ambient temperatures and gave very 
little over-oxidation. For example, using sunlight, toluene can be oxidized with a 23% 
conversion after 48 hours exposure with 85% of the product being benzaldehyde, minor 
amounts of alcohol and caroboxylic acid and only a trace of CO2. The surface 
complexes grafted onto metal hydroxides can absorb light, generating free radicals on 
the surface, which then initiate aerobic oxidation of the stable alkyl aromatic molecules 
with high product selectivity. This mechanism was distinctly different from those of 
any known photocatalysts. The process wass also highly selective; for instance, only 
one of the two methyl groups of xylenes was oxidised (for conversions up to 49%) 
while the other remains intact. The use of the new photocatalysts as a controlled means 
to generate surface radicals through light excitation allowed us to drive the production 
of fine organic chemicals at ambient temperatures with sunlight. This may be especially 
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valuable for temperature-sensitive reactions and is a greener process than many 
conventional heavy metal and thermal reactions. 
Supporting information: In addition to the study on the new photocatalysts, the 
thesis involves research that developing efficient adsorbent from titanate nanostructures 
for removal of radioactive ions leaked into water as supporting information. Sodium tri-
titanate (Na2Ti3O7) nanofibers and nanotubes, consisting of negatively charged layers 
of TiO6 octahedra and sodium ions between the layers, were used to purify the water 
contaminated by radioactive cesium (137Cs+) cations and iodine (125I-) anions. The 
prompt adsorption of 137Cs+ ions from water (via ion-exchange with Na+ ions) 
eventually triggered structural phase transition or deformation of the titanates, trapping 
the 137Cs+ ions in the nanostructures because of stronger interaction between 137Cs+ ions 
and the very thin TiO6 octahedra layers. When the titanate nanostructures were 
dispersed in a silver nitrate solution at a pH above 7, well-dispersed silver oxide (Ag2O) 
nanocrystals (5-10 nm in size) formed on them. These Ag2O nanocrystals firmly 
anchored on the surface of titanate substrate because the crystals and the substrates join 
at the surfaces of crystallographic similarity. These Ag2O nanocrystals can efficiently 
capture the I- anions in fluids by forming AgI precipitate that also firmly attach to the 
adsorbent. The study show that the unique structural features of the titanate 
nanostructures played key roles in removal and trapping the ions from wastewater. 
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CHAPTER 1: 
INTRODUCTION AND LITERATURE REVIEW 
1.1 Introductory Remarks 
This chapter includes one review articles:  
Article 1 is an invited review by Green Chemistry (accepted on April, 2013, 
impact factor of this journal is 6.32), on the topic of supported noble metal nanoparticle 
photocatalysts under visible light and UV irradiation. Previously, the LSPR effect of 
noble metal NPs was utilized almost exclusively to improve the performance of 
semiconductor photocatalysts (for example, TiO2 and Ag halides). While recently, a 
conceptual breakthrough was made: studies on light driven reactions catalysed by NPs 
of Au or Ag on photocatalytically inactive supports (insulating solids with very wide 
band gap) have demonstrated that these materials are a class of efficient photocatalysts 
working on mechanisms distinct from that of semiconducting photocatalysts. Recent 
progress in photocatalysis using Au and Ag NPs on insulator supports is reviewed in 
this article. We focus on the mechanism differences between insulator and 
semiconductor-supported Au and Ag NPs when applied in photocatalytic processes, 
and the influence of important factors: light intensity and wavelength, in particular 
estimations of light irradiation contribution, by calculating apparent activation energies 
of photo reactions and thermal reactions. 
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CHAPTER 2:   
SUPPORTED NOBLE METAL NANOPARTICLE 
PHOTOCATALYSTS FOR ORGANIC SYNTHESIS UNDER 
VISIBLE LIGHT IRRADIATION AT AMBIENT 
TEMPERATURE 
2.1 INTRODUCTORY REMARKS 
This chapter includes three articles: 
Article 2 (this work published on Angew. Chem. Int. Ed. on 2010) is the first report 
of direct reduction of nitrobenzene to form azo compounds under visible light 
irradiation at ambient temperature over 3% Au NPs on ZrO2. We found that over Au 
NP photocatalysts, series of nitro aromatics were completely reduced in 5 hours under 
visible light irradiation at 40°C, and the product was found to contain more than 99% 
azobenzene. This synthesis was conducted by other researchers under high pressure 
(5~9 bar) from aromatic azo compounds through a two-step, one-pot reaction with 
catalysts of AuNPs on TiO2 or CeO2 at 100 °C or above. In contrast, we realized a 
direct reduction of nitroaromatic compounds to their corresponding azo aromatic 
compounds via a photocatalytic process, which allow the synthesis of aromatic azo 
compounds be a much more controlled, simplified, and greener process. This gold 
photoreduction demonstrates the potential for utlising sunlight to drive the production 
of fine chemicals. My major contribution to this work is conducting part of the 
experiment and verifying the reaction mechanism. 
In the article 3 (published in Chem. Commun. on 2012), we extended the 
application of Au NP photocatalyst into other reduction processes based on the finding 
of article 1. The reactions such as deoxygenate epoxides to alkenes, reduce ketones to 
alcohols, and hydrogenate azobenzene to hydroazobenzene are also been realized by 
Au NP as photocatalysts at ambient temperatures under visible light or sunlight. Most 
importantly, this study revealed that the photocatalytic ability of such photocatalytic 
processes can be changed by tuning wavelength of the incident light. The wavelength 
determines the energy of the excited electrons as well as their distribution over the high 
energy levels of Au NPs. The shorter the wavelength is, the higher the energy of the 
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excited electrons. The electrons excited by light with wavelengths longer than 600 nm 
are only just able to induce the reduction of azobenzene (reduction potential -1.1 eV), 
but cannot induce the reduction of molecules with more negative reduction potentials, 
for example acetophenone and styrene oxide (-1.9 eV and -2.4 eV respectively). 
Obviously, the wavelength of light determines the reduction power of the 
photocatalysts. As the SPR absorption of the Au NPs is very weak in the range longer 
than 650 nm, the conversion of all the three reactants is negligible. This confirms again 
that the SPR absorption of Au NPs is essential to the catalytic activity. 
Fully understanding on light absorption property and photocatalytic activity of 
noble metal NPs (mainly Au and Ag) not only allows us to develop SPR effect based 
new photocatalysts, but also provide the potential to design new photocatalyst 
structures of unprecedented efficiency. One approach that may be effective is to 
incorporate a metal component with an intrinsic catalytic ability into a gold NP to 
catalyze various chemical reactions with sunlight. Palladium (Pd) is known to be 
catalytically active for many reactions of important organic synthesis. 
Article 4 (Published on J. Am. Chem. Soc. on 2013) reported a highly efficient 
photocatalyst structures of supported nanoparticles (NPs) of gold and palladium alloys 
that utilize incident light energy to catalyse the chemical syntheses at ambient 
temperatures. The alloy NPs strongly absorb both visible and UV light, energizing the 
alloy's conduction electrons. The energetic electrons of palladium sites at the NP 
surface significantly enhanced the intrinsic catalytic activity of palladium at ambient 
temperatures, which allows the alloy NPs to efficiently catalyse numerous reactions 
such as: Suzuki-Miyaura cross coupling, oxidative addition of benzylamine, selective 
oxidation of aromatic alcohols to corresponding aldehydes and ketones, and phenol 
oxidation (under visible light). The performance of the photocatalysts depends on the 
Au:Pd ratio. The optimum performance for several reaction was observed when the 
molar ratio of Au:Pd is 1:1.86. We estimated the extent of the electron redistribution 
between Au and Pd, using a free electron gas model and work functions of Au and Pd, 
the redistribution approaches its maximum at the ratio of 1:1. 86. It is also found that 
for the reactions when conducted in the dark Pd NPs exhibit substantial activity and 
even Au NPs showed a low activity, the Au-Pd alloy NPs exhibited superior 
photocatalytic activity to both Au NPs and Pd NPs. This reveals that the intrinsic 
catalytic activity of palladium is significantly enhanced in the alloy NPs even at 
ambient temperature under light irradiation. This provides a general guiding principle 
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for determining the applicability of the alloy NP photocatalysts as well as a clue for 
designing suitable photocatalysts made from gold alloyed with other transition metals. 
The knowledge acquired in this study may inspire further studies in new efficient 
photocatalysts and a wide range of organic synthesis driven by sunlight. 
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CHAPTER 3:  
DRIVING SELECTIVE AEROBIC OXIDATION OF ALKYL 
AROMATICS BY SUNLIGHT ON ALCOHOL GRAFTED 
METAL HYDROXIDES 
3.1 Introductory Remarks 
This chapter includes one articles: 
Article 5 reported new block of photocatalysts – surface complex grafted metal 
nanoparticles for radical induced selective oxidation of alkyl aromatics under light 
irradiation. The working mechanism is totally distinct from known semiconductor or 
noble metal nanoparticle photocatalyst   
The selective oxidation of stable compounds such as toluene and xylenes to useful 
chemicals with molecular oxygen (O2) has important applications in fine chemicals and 
pharmaceuticals production. However, it is difficult to activate stable carbon–hydrogen 
bonds for reaction under moderate conditions or to control the oxidation at high 
temperatures. For the approaches trialled to date, improved conversion through 
increased temperature and pressure significantly decreases product selectivity with 
runaway reactions giving over-oxidised products (such as CO2). New means to achieve 
both higher conversion whilst retaining product selectivity need to be devised. Herein 
we report a new class of photocatalysts: metal hydroxide nanoparticles grafted with 
alcohols, which can efficiently oxidize alkyl aromatic compounds with O2 using visible 
or ultraviolet light or even sunlight to generate the corresponding aldehydes, alcohols 
and acids at ambient temperatures and give very little over-oxidation. For example, 
using sunlight, toluene can be oxidized with a 23% conversion after 48 hours exposure 
with 85% of the product being benzaldehyde, minor amounts of alcohol and 
caroboxylic acid and only a trace of CO2. The surface complexes grafted onto metal 
hydroxides can absorb light, generating free radicals on the surface, which then initiate 
aerobic oxidation of the stable alkyl aromatic molecules with high product selectivity. 
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This mechanism is distinctly different from those of any known photocatalysts. The 
process is also highly selective; for instance, only one of the two methyl groups of 
xylenes is oxidised (for conversions up to 49%) while the other remains intact. The use 
of the new photocatalysts as a controlled means to generate surface radicals through 
light excitation allows us to drive the production of fine organic chemicals at ambient 
temperatures with sunlight. This may be especially valuable for temperature-sensitive 
reactions and is a greener process than many conventional heavy metal and thermal 
reactions. 
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CHAPTER 4:  SUPPORTING INFORMATION 
CAPTURE OF RADIOACTIVE CESIUM AND 
IODIDE IONS FROM WATER BY USING 
TITANATE NANOFIBERS AND NANOTUBES 
4.1 INTRODUCTORY REMARKS 
This chapter includes two articles: 
Article 6 is an invited review by Nanoscale (published on March, 2013. The 
impact factor of the journal is 5.914). Titanate-based materials, such as crystalline 
silicotitanate (CST), monosodium titanate (MST), peroxotitanate (PT), sodium trititante 
(T3), and sodium hexatitanate (T6), have been developed as adsorbents for radioactive 
ions from water due to their excellent ion-exchange capacities and high stability. In this 
feature article, we start with a brief discussion of the conventional CST, MST and PT 
adsorbents, and then summarize the recent process on the removal of radioactive 
cations and anions by using advanced intelligent T3 and T6 nanoadsorbents, in 
particular the one-dimensional (1D) nanofibril and nanotubular adsorbents. 
The study in article 7 demonstrates that the titanate NTs and NFs are superior 
materials for removal radioactive ions in water because of their unique structural 
properties. Their 1D structure provides a large external surface, not only assuring a 
high removal efficiency even at large feed flux, but also allowing trouble-free 
separation of the used adsorbents after ion removal for safe disposal. The titanates can 
uptake large amount of cations because their large exchange capacity. The layers in the 
nanostructure are so thin that make the layer structure metastable and uptake of large 
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ions can cause phase transition and structural deformation, which can be utilized to trap 
cations in the nanostructure permanently for safe disposal. Also the surface of the 
titanate nanostructures have crystallographic similarity to some lattice planes of the 
Ag2O and AgI crystals, and these crystals can solidly bonded to the titanate substrates 
through coherent interfaces. Finally the fibers and tubes can be fabricated readily from 
TiO2 with low cost. These structural features that contribute to the uptake and trapping 
ions can also be useful for developing other efficient adsorbents for the removal of 
radioactive ions from wastewater. 
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CONCLUSIONS & FUTURE WORK 
The main results of the research in this thesis are concluded as below: 
1. AuNP absorb visible light by SPR effect, and the high energetic electrons can drive 
photocatalytic reactions including both oxidation and reduction. The direct 
reduction of nitroaromatic compounds to their corresponding azo compounds, 
realized by a photocatalytic process over AuNPs catalysts under light irradiation at 
moderate reaction condition, this allows the synthesis of aromatic azo compounds 
by a more controlled, simplified, and greener process.  
2. To better understand the common feature of visible light driven 
reduction process on supported AuNP photocatalysts, the application of AuNP is 
successfully extended to three other reduction processes: deoxygenate epoxides to 
alkenes, reduce ketones to alcohols, and hydrogenate azobenzene to 
hydroazobenzene, which are also been realized by AuNP as photocatalysts at 
ambient temperatures under visible light or sunlight. An important correlation 
between the irradiation wavelength and the reduction ability of AuNP is revealed 
firstly: the electrons excited by light with wavelengths longer than 600 nm are only 
just able to induce the reduction of azobenzene (reduction potential -1.1 eV), but 
cannot induce the reduction of molecules with more negative reduction potentials, 
for example acetophenone and styrene oxide (-1.9 eV and -2.4 eV respectively). 
While the light with wavelength longer than 550 nm could drive the reduction of 
acetophenon and azobenzene, but cannot drive the styrene oxide deoxygenation. 
This is because the wavelength determines the energy of the excited electrons as 
well as their distribution over the high energy levels of AuNPs. The shorter the 
wavelength is, the higher the energy of the excited electrons. These results 
demonstrated that the photocatalytic ability of such photocatalytic processes over 
noble metal NPs can be changed by tuning wavelength of the incident light, which 
is a distinct feature compared with the traditional semiconductor photocatalysts. 
Similar law should be found in oxidation process. We described in our previous 
study that, Au NPs can absorb both UV and visible light but in different 
mechanisms. Under visible light irradiation, part of the conduction electrons in the 
6sp band of surface Au NPs, get energy from light by the SPR effect, and migrate 
to the higher energy level of 6sp band, this is an intraband migration. Since some 
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electrons shifted to higher energy level, there must be some positively charged 
vacancies are left in the lower energy level. These positive vacancies can capture 
electrons from organic molecule adsorbed on them and oxidize it. While, the UV 
light is much more powerful than visible light, so it can excite the 5d electrons to 
the 6sp electron band, we call this interband excitation of electrons. This resulted 
the positive vacancies are left in the 5d electron band. This means we can adjust 
the wavelength of incident light we use for reaction to control the catalytic ability 
of Au NPs in oxidation reactions. A new study should be proposed that can 
correlate the irradiation wavelength and the photocatalytic ability of Au NPs in 
various oxidation reactions. Degradation of SRB, oxidation of methanol and 
formaldehyde can be processed over 3% Au NPs supported on ZrO2 under visible 
light irradiation with optical filters are used to block irradiation below a certain 
wavelength, for example, if we use a filter of 490nm cut-off wavelength, means the 
reaction will be driven by the light with wavelength between 490nm-800nm (by 
filtering out wavelength shorter than 490nm). This future work aims to extend the 
unique feature of Au NP photocatalysts – wavelength controllable photocatalytic 
activity – into oxidation process and thus will give out the possibility of application 
in more organic synthesis. 
3. An effective approach to broad the application of AuNP photocatalysts is to 
incorporate a metal with an intrinsic catalytic ability as an alloy with the Au NP 
base, to catalyse various chemical reactions with sunlight. For example, palladium 
(Pd) is known to be catalytically active for many reactions of important organic 
synthesis because of its affinity to many organic molecules. We successfully 
realized the coupling of light absorption of AuNP and catalytic property of Pd in 
alloy structure and drive several kinds of organic reactions, such as Suzuki-
Miyaura coupling, oxidative addition of benzylamine to form imine, selective 
oxidation of aromatic alcohols and phenol degradation. This provides a general 
guiding principle for determining the applicability of the alloy NP photocatalysts 
as well as a clue for designing suitable photocatalysts made from gold alloyed with 
other transition metals. The knowledge acquired in this study may inspire further 
studies in new efficient photocatalysts and a wide range of organic synthesis driven 
by sunlight. The component of the new photocatalysts, especially the light 
harvesting component, should not be limited to Au only. Many other noble metal 
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NP with SPR effect, for example, Ag and Cu, can also be alloyed with Pd to form 
new photocatalyst structure. 
4. The surface complexes grafted onto the metal hydroxide surface are stable and able 
to absorb main components of sunlight: visible and UV light. The surface complex 
catalyze the selective oxidation by an efficient mechanism that employs light 
absorption by the complexes to yield highly reactive surface radicals (–O–ĊH2–R), 
and these surface radicals initiate the aerobic oxidation of the organic molecules in 
contact with them. By this pathway this new photocatalytic oxidation process is 
able to oxidize aliphatic C–H bonds associated with α-hydrogens in stable alkyl 
aromatics and aromatic alcohols at ambient temperature and pressure. The process 
is selective, in that toluene can be oxidized to benzaldehyde and lesser amounts of 
benzoic acid and benzyl alcohol, and only one of the methyl groups of xylenes is 
oxidized, with the other group remaining unchanged. The oxidation ability of the 
photocatalysts can be tuned through selection of the metal element and the alcohols 
grafted. The reaction speed of the selective oxidation using the new photocatalysts 
is unsatisfactory, research aiming to increase the speed and reactant conversion of 
the photocatalytic process is under way. The discovery of this new class of 
photocatalysts for organic synthesis reveals a new photocatalytic mechanism for 
the controlled transformation of specific functional groups. The prospect of 
sunlight irradiation driving the transformation has potential to deliver greener 
industrial processes especially for temperature-sensitive synthesis. 
The main challenge for this surface complex photocatalysts is the relatively low 
efficiency. Further study will be conducted for promoting the photocatalytic rate of 
surface complex photocatalysts. More effort should be done to extend the 
application of surface complex photocatalysts to different type of organic synthesis 
that prefer moderate reaction conditions (ambient temperature and atmospheric 
pressure). 
5. The results of radioactive ions adsorbent study, we demonstrates that the titanate 
NTs and NFs are superior materials for removal radioactive ions in water because 
of their unique structural properties. Their 1-demential structure provides a large 
external surface, not only assuring a high removal efficiency even at large feed flux, 
but also allowing trouble-free separation of the used adsorbents after ion removal 
for safe disposal. The titanates can uptake large amount of cations because their 
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large exchange capacity. The layers in the nanostructure are so thin that make the 
layer structure metastable and uptake of large ions can cause phase transition and 
structural deformation, which can be utilized to trap cations in the nanostructure 
permanently for safe disposal. Also the surface of the titanate nanostructures have 
crystallographic similarity to some lattice planes of the Ag2O and AgI crystals, and 
these crystals can solidly bonded to the titanate substrates through coherent 
interfaces. Finally the fibers and tubes can be fabricated readily from TiO2 with 
low cost. These structural features that contribute to the uptake and trapping ions 
can also be useful for developing other efficient adsorbents for the removal of 
radioactive ions from wastewater. 
Based on the current achievement, we may propose that the other materials with 
layered structure, such as sodium vanadate, hydrotalcite etc. all can be designed to 
efficient adsorbents for the removal of radioactive ions (including cations and 
anions) from water. Since the titanate, vanadates and hydrotalcite are the common 
minerals in Australia, the adsorbents can be readily developed from these low cost 
raw materials. 
 
 
